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The purpose of the study was to analyze the management practices currently being 
practiced by Company XYZ. A literature review was conducted to establish a knowledge 
base related to hearing and the construction hearing conservation standard. During the 
study, noise sampling was conducted to obtain the noise exposure of carpenters and 
operators at construction site ABC. A survey was also used to aid in the analysis of 
management techniques being practiced by Company XYZ. From the results of this 
study, the researcher feels that there is room for improvement to increase the 
effectiveness of the management practices of the hearing conservation program. A set of 
improvements or recommendations have been made to aid in the improvement of 
management practices. This study also offers areas of improvement for further study in 
this topic. 
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Chapter I: Introduction 
The setting of this problem was at XYZ Construction Company, a large construction 
firm located in the midwestern region of the United States. The construction 
company includes two main divisions: a bridge division and an industrial division. 
Founded in the late 1930s, XYZ Construction Company has maintained its 
headquarters in Wisconsin and has continued to pursue and build transportation 
projects. Although the equipment and the projects have grown in size, XYZ 
Construction Company's goal remains to strive toward smaller and more efficient 
crews on its projects. The Industrial Division was established in 1982 and is operated 
out of eastern Wisconsin. Both the Heavy Highway Bridge and Industrial Division 
services the state of Wisconsin and surrounding states. As a family-owned and 
operated business, XYZ Construction Company has been under the leadership of the 
family since 1968. The president and CEO of XYZ Construction Company has 
continued the tradition of dependable and consistent contracting services while 
continuing to improve the safety and health programs that it offers its employees. 
It is likely that people in construction industry understand that they are exposed to 
excessive noise on a regular basis. As many as 30 million Americans are exposed to 
potentially harmful sound levels in their workplaces (NIOSH, 1996). The construction 
industry is an industry that does and has the potential to cause occupational noise induced 
hearing loss (ONIHL). The American College of Occupational and Environmental 
Medicine (ACOEM) in 2002, inferred that occupational noise-induced hearing loss is still 
one of the most prevailing occupational conditions today; furthermore noise induced 
hearing loss is an element of employment in the construction industry that is a very 
preventable condition. As a result of laws and regulations regarding occupational noise 
exposure, XYZ Construction Company is looking at establishing a hearing conservation 
program to protect its employees from excess occupational noise used during their 
construction activities. XYZ Construction Company offers the use of different hearing 
protectors to its employees; however, it is unknown whether the hearing protection 
offered is utilized. The hearing protectors being utilized must possess a protection factor 
significant enough to safeguard the employees. At the same time, the hearing protectors 
being provided should not overprotect employees, which would create a safety concern 
by impeding employees' ability to communicate with one another. Consequently, the 
lack of a formalized hearing conservation process for Company XYZ is placing the 
organization at risk of incurring regulatory fineslpenalties, increased insurance costs, as 
well as putting the associated employees at risk of developing hearing loss. 
Purpose of the Study 
The purpose of the study was to identify the extent that Company XYZ is utilizing 
best management practices to minimize the potential for noise-related exposures to occur 
among its employees. 
Research Objectives 
The objectives to the study are as follows: 
1. Determine the minimum noise reduction rating (NRR) for hearing protectors 
currently being utilized by carpenters and operators for Company XYZ. 
2. Identify the occupational noise exposure levels for carpenters and operators 
for company XYZ. 
3.  Identify the extent that employees are utilizing hearing protectors that are 
currently being furnished by Company XYZ. 
4. Identify the frequency as well as severity that Company XYZ has incurred 
monetary loss associated with carpenters' and operators' exposure to noise. 
Significance ofthe Study 
There is great importance for XYZ Construction Company to identify if the 
current hearing conservation practices meet the Occupational Safety and Health 
Administration's (OSHA) standards. A reason that this construction company would 
want to recognize if their current hearing conservation program meets OSHA 
requirements is due to the regulatory aspect associated with not complying with Federal 
OSHA Standards. A failure to comply with OSHA standards can result in monetary 
penalties up to $70,000 (OSHA, 2005). Although, in most cases OSHA does not fine 
companies this much, they have the authority to do so. Also, there are negative monetary 
values associated with employees making claims against the construction company for 
overexposure to noise while they either are or were employed by the firm. XYZ 
Construction Company also would benefit from the study because they would be 
informed of areas or processes in need of improvement. From the study, XYZ 
Construction Company will be informed of what type of hearing protectors the 
employees would prefer. Through an increased awareness of the personal protective 
equipment (PPE) that employees preferred, the company would be able to supply hearing 
protectors that people would use more often. The data gathered from noise dosimeter 
testing will allow the construction company to be able to determine which areas or 
activities would require engineering, administrative, andlor PPE, such as using a circular 
saw, or using a hammer. Also, operators engaged in certain crane activities or forlclift 
activities may need engineering, administrative andlor PPE to reduce occupational noise 
exposure to safe working levels. The employees at the construction company will also 
have an overall better quality of life after they leave the company or retire because their 
hearing will still be acceptable for their age. Employees who are protected from 
excessive noise will be able to hear and enjoy daily life activities that require a delicate 
sense of hearing. The ultimate benefit of this study for the construction company will be 
the availability of data to assist in the improvement of their hearing conservation 
practices. 
Limitations 
As the study is conducted, there will be some limitations associated with it. The 
limitations of this study are: 
1. The noise monitoring results of this study was limited to XYZ Construction 
Company's carpenters and operators. 
2. The results were also limited to ABC construction site. 
3. The results were for a period of two months, from October 2005 - November 
2005. 
Based on the current limitations of the study, there will also be assumptions that will be 
made as a result of the study. 
Assumptions of the Study 
The assumptions of the study include: 
1. XYZ Construction Company will not change the hearing conservation 
practices related to enforcement, monitoring, and protection during the middle 
of the study. 
2. The project owner's daily activities, such as plant operations that create 
excessive noise, will not vary at ABC construction site. 
DeJinition of Terms 
1. Occupational noise induced hearing loss (ONIHL) - Hearing loss that may 
develop over a long period of time and is the result of exposure to continuous 
or intermittent loud noise (American College of Environmental Medicine, 
2002). 
2. Decibel (dB) - The unit used to express the intensity of sound. The decibel 
was named after Alexander Graham Bell. The decibel scale is a logarithmic 
scale in which 0 dB approximates the threshold of hearing in the mid 
frequencies for young adults and in which the threshold of discomfort is 
between 85 and 95 dB sound pressure level (SPL) and the threshold for pain is 
between 120 and 140 dB SPL (NIOSH, 2005). 
3.  Noise Dosimeter - An instrument that integrates a function of sound pressure 
over a period of time in such a manner that it directly indicates a noise dose 
(OSHA, 2005). 
4. Action Level -The sound level which when reached or exceeded necessitates 
implementation of activities to reduce the risk of noise-induced hearing loss. 
OSHA currently uses an 8-hour time weighted average of 85 dBA as the 
criterion for implementing an effective hearing conservation program 
(NIOSH, 2005). 
5. Administrative Controls - Efforts, usually by management, to limit workers' 
noise exposure by modifying workers' schedule or location, or by modifying 
the operating schedule of noisy machinery (ATIOSH, 2005). 
6. Engineering Controls - Any use of engineering methods to reduce or control 
the sound level of a noise source by modifying or replacing equipment, 
making any physical changes at the noise source or along the transmission 
path (with the exception of hearing protectors) (NIOSH, 2005). 
7. Acoustics - A science that deals with the production, control, transmission, 
reception, and effects of sound (Merriam-Webster, 2005). 
8. Sociacusis - Hearing loss attributed to activities of every day life (OSHA, 
2005). 
9. Audiogram - A chart, graph, or table resulting from an audiometric test 
showing an individual's hearing threshold levels as a function of frequency 
(OSHA, 2005). 
10. Baseline audiogram - The audiogram against which hture audiograms are 
compared (OSHA, 2005). 
1 1. Criterion sound level - A sound level of 90 decibels (OSHA, 2005). 
12. Hertz (Hz) - Unit of measurement of frequency, numerically equal to cycles 
per second. 
13. Dose - The ratio, expressed as a percentage, of (I) the time integral, over a 
stated time or event, of the 0. 6 power of the measured SLOW exponential 
time-averaged, squared A-weighted sound pressure and (2) the product of the 
criterion duration (8 hours) and the 0. 6 power of the squared sound pressure 
corresponding to the criterion sound level (90 dB) (OSHA, 2005). 
14. Time-weighted average sound level - A sound level, which if constant over an 
8-hour exposure, would result in the same noise dose as is measured (OSHA, 
2005). 
15. Lavg - The average sound level measured over the run time (Quest, 2005). 
16. Peak Level - It is the absolute highest pressure wave that is detected by the 
microphone. Unlike the max level, peak is detected independent of dosimeter 
settings for response or weighting (Quest, 2005). 
17. Max Level - It is the highest sampled sound level during the instrument's run 
time allowing for the response (fast or slow) and weighting (A or C). It is the 
highest value that is included in Average or Dose calculations (Quest, 2005). 
Chapter 11: Literature Review 
Introduction 
The purpose of the study was to identify the extent that Company XYZ is utilizing 
best management practices to minimize the potential for noise-related exposures found 
among its employees. When evaluating a company's management practices related to 
hearing conservation, the evaluator must have a broad range of knowledge related to an 
individual's ability to hear, the characteristics of noise, and the construction industry's 
accepted standards for hearing conservation. For this reason, the following chapter will 
discuss the anatomy of the ear, noise characteristics, the possible negative effects 
employees may be exposed to if overexposed to noise, components of an effective 
hearing conservation program, and problems that typically arise with administering a 
hearing conservation program. 
Anatomy of the Ear 
Understanding how humans hear is an intricate subject involving the fields of 
physiology, psychology and acoustics. In this part, the focus will be on the acoustics of 
hearing and understanding how the human ear acts as a transducer by converting sound 
energy to mechanical energy (Merriam-Webster, 2005). 
The ear consists of three essential parts - the outer ear, the middle ear, and the 
inner ear, which can be seen below in Figure 2. 1. This figure can be used to understand 
the working parts of the ear. Each part of the ear has its own unique purpose for assisting 
in the task of detecting and interpreting sound. 
Middle Ear ->- 
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Figure 2.1 Anatomy of the Ear 
(Referenced from Schmidt - Jones, 2004). 
The outer ear has an ear flap that is made of cartilage and skin. This is typically 
the part of the ear that one can see by looking at another human. The outer ear also 
consists of an approximately 2-cm long ear canal. The ear flap is the part of the ear that 
provides the protection for the middle ear in order to prevent damage to the eardrum. 
The outer ear also performs the task of channeling sound waves that are produced by 
nearby sources into the ear canal. The ear canal is a small tube that allows the 
amplification of sounds with frequencies. The sound that travels into the outer ear is in 
the form of a pressure wave. This pressure wave has high and low pressure regions. 
When the sound reaches the eardrum it changes the pressure wave into vibrations (Starr 
The middle ear is an area which consists of the eardrum and three tiny 
interconnected bones - the hammer (malleus), anvil (incus), and stirrup (stapes). The 
eardrum is a membrane that vibrates as the incoming pressure waves strike it. This 
vibration is similar to the frequency of the sound wave. The eardrum is connected to the 
hammer, and the movements by the eardrum will place the three tiny bones into motion at 
the same frequency of the sound wave. The anvil is the tiny bone between the hammer 
and stirrup and allows for the wave to be transferred deeper into the ear. The inner most 
bone of the middle ear is the stirrup. The stirrup is connected to the inner ear; and the 
vibrations of the stirrup are transmitted to the fluid of the middle ear and create a wave 
within the fluid. This fluid is found within the cochlea (Starr & McMillan, 2001). 
The inner ear consists of a cochlea, the semicircular canals, and the auditory 
nerve. The cochlea and its semicircular canals are filled with a water-like fluid and 
essentially is a snail-shaped organ. In addition to being filled with fluid, the inner surface 
of the cochlea is lined with hair-like nerve cells which perform a very important part in a 
person's ability to hear. These little hair-like nerves have different degrees of resiliency 
to the fluid which passes over them. As a vibration travels from the middle ear to the 
inner ear through the cochlea, the small hair-like nerve cells are set into motion. This 
increased vibration excites the cell enough to release an electrical signal which will travel 
along the auditory nerves towards the brain. The brain then interprets the quality of the 
sound and turns them into the sounds that a person can hear (Starr & McMillan, 2001). 
Characteristics ofsound 
Sound is a mechanical wave which results from the motion of the particles in the 
medium (usually air particles) through which the sound wave is moving. This motion 
causes the air particles to have areas in the air where the air particles are compressed 
together and other regions where the air particles are spread apart. These regions are 
known as compressions and rarefactions. The compressions are regions of high air 
pressure while the rarefactions are regions of low air pressure (National Safety Council, 
1988). 
The wavelength of a wave is the distance which a disturbance travels along the 
medium in one complete wave cycle. A longitudinal wave does not contain crests and 
troughs, and therefore its wavelength must be measured differently. A longitudinal wave 
consists of a repeating pattern of compressions and rarefactions. Therefore the 
wavelength is commonly measured as the distance from one compression to the next 
adjacent compression or the distance from one rarefaction to the next adjacent 
rarefaction. Since a sound wave consists of a repeating pattern of high and low pressure 
regions moving through a medium, the wave is referred to as a pressure wave (National 
Safety Council, 1988). The researcher believes that a human ear or man-made 
instruments are highly effective detecting sound waves in that these two items reasonably 
detect the fluctuations in pressure as the sound wave reaches the detecting device. 
A sound wave is typically introduced into a medium by a vibrating object. The 
vibrating object is the source of the disturbance which moves through the medium. The 
vibrating object which creates the disturbance could be from a hammer striking a nail, or 
the vibration from a crane's motor running. No matter what object is creating the sound 
waves, the particle of the medium through which the sound moves is vibrating in a back 
and forth motion at a given frequency (National Safety Council, 1988). For example, as a 
machine vibrates causing sound waves, the air particles (medium) will be vibrating at the 
same frequency as the machine. 
The frequency of a wave refers to how often the particles of the medium vibrate 
when a wave passes through the medium. The frequency of a wave is measured as the 
number of complete back-and-forth vibrations of a particle of the medium per unit of 
time. A commonly used unit for frequency is the Hertz (Hz), where 1 Hertz = 1 
vibrationlsecond. A sound wave moves through a medium, and each particle of the 
medium is vibrating at the same frequency. The frequency at which each particle 
vibrates is the same as the frequency of the original source of the sound wave. 
Subsequently, a jack hammer will set the air particles in the work area vibrating at the 
same frequency which carries a sound signal to the ear of a listener and is detected as a 
sound wave. As presented in the Figure 2. 2, the difference in frequencies is shown 
correlating with the same amount of time. The higher frequency has more compression 
and rarefaction occurring than that of a low frequency wave (National Safety Council, 
1988). 
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Figure 2.2 Diagram of different frequency waves 
(~eferenced from National Safety Council, 1988). 
The human ear has the ability of detecting sound waves with in a vast array of 
frequencies, ranging between approximately 20 Hz to 20 000 Hz. The sensations of these 
frequencies are commonly referred to as the pitch of a sound. A high pitch sound 
corresponds to a high frequency and a low pitch sound corresponds to a low frequency 
(National Safety Council, 1988). 
Humans have very sensitive ears that are capable of detecting sound waves of 
extremely low intensity. The softest sound which the human ear can detect is known as 
the threshold of hearing (National Safety Council, 1988). The scale for measuring 
intensity is the decibel scale. The threshold of hearing is assigned a sound level of 0 
decibels (0 dB). A sound which is 10 times more intense is given the sound level of 10 
dB. A sound which is 100 times more intense is assigned a sound level of 20 db and so 
forth (National Safety Council, 1988). 
The intensity of a sound is a very objective quantity which can be measured with 
sensitive instrumentation, while the loudness of a sound is more of a subjective response 
which can vary with a number of factors. The sound will not be perceived to have the 
same loudness to all individuals. Many factors may contribute to this discrimination such 
as age. Furthermore, two sounds with the same intensity but different frequencies will 
not be perceived to have the same loudness. Because of the human ear's tendency to 
amplify sounds having frequencies in the range from 1000 Hz to 5000 Hz, sounds with 
these intensities seem louder to the human ear. Despite the distinction between intensity 
and loudness, the more intense sounds will be perceived to be the loudest sounds 
(National Safety Council, 1988). In this case, the researcher feels that repeated and 
prolonged exposure to loud and intense sounds can be a factor that causes damage to a 
persons hearing. There are three primary types of noise that one should have knowledge 
of when evaluating a hearing conservation program and these include the following. 
A noise source with no discernable gaps in the noise being generated is 
considered to be continuous noise (American Federation of State, County, and Municipal 
Employees, 2005). An example of continuous noise would be a generator running to 
supply power to a construction crew or a crane's motor running for the duration of the 
work day. The opposite of a continuous noise source is an intermittent noise source. 
This is a source which has perceptible gaps between repetitions of noise being produced 
(American Federation of State, County, and Municipal Employees, 2005). A good 
example of this would be an employee traveling from a quiet area to a louder area. In 
this case, a noise dosimeter would want to be utilized to obtain the noise exposure levels. 
Impact noise is the third type of noise which is generally the noise that comes in short 
bursts, and can be created by tools such as jackhammers, air driven tampers, and other 
pneumatic tools, which are often found on construction sites. Impact noise is often 
considered more harmful to the human ear than continuous or intermittent noise. 
(American Federation of State, County, and Municipal Employees, 2005). The 
researcher believes that the reason that impact noise is considered more harmful is due to 
the fact that employees may not realize damage is occurring and spend more time around 
the noise because of the short duration bursts of the noise. 
Effectfiom over exposure to noise 
Employees can have their hearing affected in different ways. An employee's 
hearing can be damaged by noise induced hearing loss from occupational exposures, as 
well as sociacusis. Noise induced hearing loss is a common occupational problem that is 
most often ignored because a lack of immediate visible effects to the body. The signs or 
symptoms usually are chronic in nature, and develop over a long period of time with no 
pain associated with the damage that is taking place (OSHA, 2005). This may indicate 
that individuals who are exposed to damaging noise levels over time may progressively 
lose the ability to communicate, socialize, and have an overall high quality of life. In the 
earliest stages of hearing loss, the ability to understand other people is affected. Once the 
damage progresses past a certain point, the ability to hear certain sounds is affected 
(OSHA, 2005). 
The primary effects of hearing loss are related to communication and 
performance. The more serious damage that is occurring from noise is at the 
physiological level. The damage that is taking place at the physiological level is 
irreversible damage. Some physiological damage that can take place is an event of 
acoustic trauma, and is a temporary or permanent hearing loss due to a sudden intense 
noise exposure (OSHA, 2005). An example of an intense noise would be pile driving 
activities on a construction site. 
A form of damage that typically occurs with exposure to loud and intense noises 
is tinnitus. This is described as the condition which is known as ringing in the ears. In 
this case, individuals will typically complain of a buzzing or ringing sensation inside their 
ear. The predominant cause of this hearing damage is repeated long term exposure to 
high sound levels. This is also what is known as noise-induced temporary threshold shift 
(NITTS), and is a temporary hearing loss that may be due to short-term exposure to high 
noise levels (OSHA, 2005). An example of this would be going from a loud area on a 
construction site to a quieter area and feeling as if there is cotton plugging a person's ears 
not allowing them to hear as effectively. Eventually a person is able to regain their 
hearing sensitivity if continued exposure to excessive noise is avoided. 
The final physiological symptom of hearing loss is noise-induced permanent 
threshold shift (NIPTS) and this is a permanent loss in hearing due to the destruction in 
the hair-like cells of the inner ear. NIPTS is caused by long term exposure to excessive 
noise andlor acoustical traumas (OSHA, 2005). The researcher feels that when 
physiological damage is taking place as a result of noise that is resulting in hearing loss, 
there are also effects to other parts of an individual's life. 
The effects that excessive noise exposure can have to the hearing are detrimental 
to communication and performance. Some tasks that may be affected are difficulty in 
understanding speech, annoyance from not being able to understand people, as well as 
others becoming annoyed with the individual for always asking to repeat or for 
clarification, the inability to concentrate, a reduction in efficiency at work, and an over all 
lower morale. Other physiological effects that can occur as a result of hearing loss are a 
quickened pulse rate, muscle tension, ulcers, loss of sleep, and fatigue. These are all 
examples of the problems that can be associated with hearing loss (OSHA, 2005). In an 
effort to prevent individuals from being overexposed to excessive noise, the researcher 
believes employers should be aggressive at measuring noise levels using two different 
types of instruments combined with various methods. 
Methods for Measuring Noise 
When an individual or an employer would like to determine the amount of noise 
they are being exposed to, they would most likely use a noise dosimeter or a sound level 
meter. Both of these devices have unique properties which may make them favorable for 
whatever type of noise sampling is being conducted. The following paragraphs will 
allow the reader to better understand what the differences are between a sound level 
meter and a noise dosimeter. 
A sound level meter is an instrument that measures sound pressure level (SPL) in 
decibels (dB). A sound level meter is considered an American National Standards 
Institute (ANSI) approved meter if it meets the minimum requirements that include an A- 
weighted scale, slow response, and a measuring range from 80 to 130 dBA (decibels A- 
Scale). The places where a sound level meter would be applied would be in worker noise 
surveys by conducting area samples and job specific tasks such as cutting a board with a 
circular saw. It is generally necessary to take a number of measurements at different 
times during the day to estimate noise exposure over a workday (OSHA, 2005). 
Estimating employee noise exposures with a sound level meter requires taking several 
measurements at various locations within the workplace. After multiple sound level 
meter readings are obtained, people sometimes formulate maps of the different areas of 
the workplace and their related noise exposures (OSHA, 2005). Some sound level meters 
have octave band analyzers. This device analyzes the frequency of the noise, and can 
also be used to determine the calibration of audiometers. When using a sound level 
meter, it is required to perform calibration prior to and immediately after taking 
measurements. As long as the sound level meter is within 0.2 dB of the known source, 
there would not need to be any adjustments made. Maintenance is not required other than 
changing the batteries (OSHA, 2005). The other type of device that is typically used in 
obtaining noise level surveys is the noise dosimeter. 
A noise dosimeter is smaller in nature than the sound level meter. The noise 
dosimeter is very similar to the noise level meter, except the noise dosimeter stores 
measurements and logs the data obtained. The noise dosimeter is a device that can be 
worn by employees to collect personal noise exposure samples and allow for the selection 
of criterion level, exchange rate, and threshold. A noise dosimeter can typically be used 
as both a personal sample gathering tool, but it also can be used a sound level meter to 
collect area type sampling. Similar to a sound level meter, it is considered good practice 
to calibrate a dosimeter prior to and after each sample period (OSHA, 2005). The noise 
dosimeter microphone is attached to the employees clothing and the employee's exposure 
is obtained for the sample period. The position of the noise dosimeter microphone is 
crucial in that without proper placement, the accuracy of the results may not represent a 
true exposure. The microphone should be located on the shoulder and remain in that 
position for the entire workday. The instructions by the manufacturer should be followed 
when using the dosimeter as well as when one is performing maintenance on the device. 
When using a dosimeter to abate compliance issues related to noise, there are certain 
criteria that the noise dosimeter must be able to meet. According to OSHA's noise 
standard 19 10. 95, the noise dosimeter is the primary instrument for making compliance 
measurements. The following dosimeter settings must be utilized when performing 
compliance based measurements: 
Exchange rate: 5 decibels (dB) 
Frequency weighting: A 
Response: slow 
Criterion level: 90 dBA 
Threshold: 80 or 90 dBA 
A dosimeter with a threshold of 80 dBA as well as one with a threshold of 90 dBA should 
be used to measure noise exposures (OSHA, 2005). The noise dose provided by 
dosimeters can be used to calculate both the continuous equivalent A-weighted sound 
level (LA) and the eight hour time weighted average (TWA) for the time period sampled. 
An example of these two calculations can be found in appendix A (OSHA, 2005). 
Components of an effective hearing conservation program 
With the presence of occupational noise exposure standards in place by OSHA as 
well as noise exposure recommended standards by the National Institute for Occupational 
Safety and Health (NIOSH), there is ample opportunity for an employer to implement 
controls for occupational noise exposure. The following section will outline the OSHA 
occupational noise standards and the NIOSH recommended criteria for an occupational 
noise exposure standard. 
OSHA's construction standard, 29 CFR 1926. 52, titled Occupational Noise 
Exposure, is the standard that governs people involved with construction activities. In 
this standard, the permissible noise exposure levels are established and can be viewed in 
Table 2- 1. 
Table 2-1 : Permissible Noise Exposures (OSHA 29 CFR 1926.52 (d) (1)) 
The above table is the amount of time per day that the employee is allowed to be exposed 
to certain noise levels. 
The standard also states, "When the daily noise exposure has two or more periods 
of noise exposure at different levels, the combined effect should be considered, 
rather than the individual effect of each. If the sum of the following fractions: 
C(l)/T(l) + C(2)/T(2) C(n)/T(n) exceeds unity, then, the mixed exposure should 
be considered to exceed the limit value. Cn indicates the total time of exposure at 
a specified noise level, and Tn indicates the total time of exposure permitted at 
that level. Exposure to impulsive or impact noise should not exceed 140 dB peak 
sound pressure level" (OSHA, 2005). 
Any exposure found to be above the exposures contained in the table above would 
require a company to first consider effective engineering and administrative controls to 
reduce the employee's noise exposure. If effective engineering and administrative 
cpntrols are found to be infeasible, then a continuous, effective, hearing conservation 
program must be implemented and the use of personal protective equipment (PPE) or 
hearing protection devices (HPDYs) must be utilized. If employee noise exposures are at 
or above an eight hour time-weighted average (TWA) of 90 dBA, the employer must 
utilize a hearing conservation program. Once the employer has monitored using 
instrumentation (as previously discussed), and has found they are exceeding the action 
level, the employer must maintain a hearing conservation program. The criteria for a 
hearing conservation program can be found in OSHA's 29 CFR 191 0.95, titled 
Occupational Noise Exposure for general industry. The reason that the general industry 
standard is referenced is due to the fact that there are not specific criteria outlined for 
construction hearing conservation programs. So, OSHA directs employers in 
construction to the hearing conservation standard for general industry. Employers in 
construction can use the general industry standard as a guide to develop and establish 
their own hearing conservation programs. The general industry hearing conservation 
program has some minimum requirements set forth by OSHA. A hearing conservation 
program must contain a monitoring program, audiometric testing, the use of hearing 
protection devices (HPD's), employee training and education, and recordkeeping (OSHA, 
2005). The minimum requirements for the hearing conservation program will be 
discussed in the following paragraphs. 
An employer in construction could use the general industry standards to develop 
and implement a monitoring program whenever there is enough information to indicate 
that employees' exposures may equal or exceed the action level. The monitoring 
program must be designed to identify all employees for inclusion in the hearing 
conservation program. The monitoring program allows employees to observe the 
monitoring process, requires the employers to share the results of the monitoring with 
employees, requires impact, impulse, and intermittent noise to be included in the 
monitoring process, and also require employers to monitor any time an activity, process, 
or equipment changes (OSHA, 2005). The researcher believes that in construction, the 
processes are continuously changing daily, but the general activities stay the same from 
construction job to construction job; once monitoring results are established, the results 
could be applied at other construction sites. Another requirement for hearing 
conservation programs is the audiometric testing that is required. 
As an employer exceeds the action level established by OSHA, an audiometric 
testing program must be established as a part of the overall hearing conservation 
program. The audiometric testing program requires an employer to make audiometric 
testing available to all employees at no cost to the employee. The audiometric testing 
must be completed by a competent individual, which can include a physician, audiologist, 
or other certified technician. Audiograms obtained as a result of 29 CFR 1910. 95 must 
follow the procedures outlined in Appendix C, D, and E of the standard. A copy of these 
appendices can be found in Appendix B, C, and D of this paper. A baseline audiogram 
must be obtained within six months of an employee's initial exposure at, or above the 
action level, for the purpose of comparing subsequent audiograms to identify if there are 
standard threshold shifts (STS) in an employee's hearing (OSHA, 2005). The researcher 
feels this may be very beneficial to construction companies because they could protect 
themselves against lawsuits and disability compensation being claimed against them. 
The construction company would know what a person's hearing was at the beginning of 
employment and during the duration of employment. An employee or former employee 
would have a harder time making claims against the construction company. The 
researcher also feels that audiograms could be used to identify problem areas, where 
noise exposures are being exceeded. However, there is an exception to obtaining an 
audiogram within six months after initial exposure. This exemption refers to the use of 
mobile test vans, which allows for the baseline audiogram to be performed a year later, 
but the employee must wear hearing protection any time after the initial six month period. 
Once an employee is required to obtain a baseline audiogram, the employee must not be 
exposed to occupational noise over the action level 14 hours prior to having the test 
performed. Once a baseline audiogram is established, an employee must undergo a 
yearly audiogram to identify STS. If a STS is identified, the employer can obtain a retest 
within 30 days of the audiogram and a physician must consult with the employee to 
determine if in fact the STS is work related. If the STS is due to occupational noise 
exposures, there are things the employer must do. The employer must fit the employee 
with HPD's and train them on the use and care. If the employee is already wearing PPE, 
they must be refitted and trained on the proper use of HPD's and given more effective 
HPD's (OSHA, 2005). 
The next part of the hearing conservation standard refers to the requirements of 
the audiometer calibration, and testing requirements, and the requirements for the 
audiometric testing devices. The requirements can be found in appendices B, C, D of this 
paper. There is not going to be any further discussion on the requirements of audiometric 
testing because of the distant relationship to this study. As previously discussed earlier, 
hearing protection devices are used by employees at the action level and employees that 
have acquired a standard threshold shift. 
Hearing protection devices (HPD's) or PPE are considered the last line of defense 
to control occupational noise exposures. HPD's are generally used from the time it takes 
to implement engineering or effective administrative controls, or when controls are not 
feasible to implement (OSHA, 2005). The researcher feels that management may 
typically choose HPD's because they are a simple fix to the problem. If management 
chooses to utilize PPE, there are requirements set forth by OSHA. HPD's must be 
available to any employee at or above the PEL or action level, they must be available at 
no cost to the employees, and must be replaced as necessary. The employer must ensure 
that HPD's are worn by any employee exposed at or above levels outlined in Table G-16 
(Table 2-1 of this chapter) of the standard and proper engineering and administrative 
controls are not being utilized to reduce employees' exposure. Also employees who are 
either exposed at or above the action level, who have not yet had their baseline 
audiogram established, or are experiencing a STS must be included in the hearing 
conservation program. Another requirement when using HPD's is that the employees 
must be given opportunity to select from a suitable variety, which are generally two 
different kinds of HPD's. The employer must also provide the proper training when 
using HPD's (OSHA, 2005). 
Training must take place annually for all employees in the hearing conservation 
program. The topics that must accompany the PPE selected must encompass the topics 
related to the use and care, advantages and disadvantages, the effects of noise on hearing, 
the attenuation of various types of HPD's, and instructions on selection and fitting of the 
HPD's. The purpose of audiometric testing and an explanation of test procedures must 
also be a part of the training. The employer is also required to make copies of the noise 
standard and make it available to affected employees or representatives post a copy in the 
workplace, and provide informational materials to affected employees with information 
regarding the standard given to the employer by OSHA (OSHA, 2005). One of the topics 
related to training was HPD attenuation. This will be further discussed in the following 
paragraph. 
Attenuation refers to the dampening or a decrease of noise levels as a result of 
hearing based PPE (OSHA, 2005). The standard requires the employer to evaluate 
HPD's attenuation for the specific noise environments for which the HPD's will be used. 
An employer can evaluate the attenuation of PPE by using appendix B of the standard 
and a copy of such can be found in Appendix E of this report. The HPD's used by 
employees must dampen the noise to an exposure at or below a TWA of 90dBA. 
However, for employees experiencing a STS, the HPD's must dampen the noise at or 
below the action level of 85 dBA TWA. The effectiveness of HPD's must be re- 
evaluated anytime the noise exposure is found to have increased, and the employer must 
supply HPD's that attenuate to the required dBA levels (OSHA, 2005). The final part of 
a hearing conservation program is the recordkeeping aspect. 
The purpose of the recordkeeping is to allow employers to track and recognize 
workplace hazards by tracking work-related injuries and illnesses. The requirements for 
recordkeeping, according to the noise standard are that employers must maintain records 
of all employee exposure measurements, and the records must be maintained for 2 years. 
The audiometric test records must be kept for all employees taking an audiometric test. 
This record will include the name and job classification of the employee, along with the 
date, the person performing the exam, the date when the audiometer was last calibrated, 
and the employee's most recent noise exposure assessment. Records must also be kept of 
the background sound pressure level measurements in the audiometric test rooms. These 
records must be maintained throughout the course of an employee's employment. The 
records that are kept must also be made available to employees, former employees, 
employee representatives, and OSHA. The employer must transfer these records to the 
new employer if the employer goes out of business, and the successor employer must 
maintain and keep the records applicable to the noise standard (OSHA, 2005). The 
researcher feels that there is still room for improvement for the hearing conservation 
standard in construction. However, the general industry standard can be used as a guide 
to establish an effective hearing conservation program in construction. From the 
researcher's experience in construction, some of the components of the general industry 
standard may not be feasible for a construction company. An example would be the use 
of audiometric testing due to high labor turnover related to the project phases. 
As of January 1,2003, OSHA now requires employers to record hearing loss on 
their OSHA 300 logs. There is a decision tree that OSHA has established to help 
employers identify if a STS is considered a recordable incident (OSHA, 2003). A 
complete copy of this decision tree can be found in Appendix F of this report. The 
researcher wants to note that construction companies who fail to address occupational 
noise exposures on the jobsite may find themselves having an increase in their incidence 
rates. As the researcher also believes an increase in incidence rates may effect the 
awarding of construction bids for future jobs, having an effect on the company's 
profitability. Additionally, the researcher feels that the OSHA noise control standard has 
the appropriate steps to protect employees fiom occupational noise. However, it is 
advisable that the employer use the OSHA construction standard as a minimum guideline 
along with the OSHA general industry standard as guidelines available regarding 
occupational noise exposure. These guidelines may want to be considered when 
implementing or maintaining a hearing conservation program. An example of the other 
guidelines is established by the National Institute for Occupational Health (NIOSH). 
NIOSH is an organization that has been recognized for its efforts in the promotion 
of safety and health in the work place. This organization has performed and published 
many documents relating to occupational safety and health. The same holds true when 
the topic of noise in the work place is brought up. NIOSH has published a document that 
relates to the effectiveness of company's hearing conservation program. The NIOSH 
evaluation checklist was used to formulate the questionnaire for the safety personnel at 
Company XYZ (Appendix G), and has eight main parts that assist in the evaluation of a 
company's hearing conservation program. The eight main sections are as follows: 
1. Training and Education - Deficiencies in the knowledge and understanding of 
hearing conservation programs and all the appropriate components are a 
problem when conducting training and education. Those that are performing 
the training will want to have a good understanding of noise and hearing 
conservation programs. 
2. Supervisor Involvement - The data shows that employees who are not totally 
committed to hearing conservation are supervised by individuals that are not 
totally committed to the hearing conservation program. Supervisors need to 
set a good example by wearing HPD's, and holding employees accountable 
for failure to wear their HPD's. 
3.  Noise Measurement - When conducting measurements, the data needs to be 
used to prioritize problem areas, and well as for continuous improvement. 
The measurements taken should not be data that is just filed away, but active 
data in the improvement process for hearing conservation programs. 
4. Engineering and Administrative Controls - The type of controls used should 
be prioritized, and be cost effective to an organization. Employees may want 
to be consulted for input to share in regards to the controls of the noise hazard. 
5. Monitoring Audiometry and Recordkeeping - Useful data can be provided 
from audiometric tests. This information should be provided to appropriate 
management. The person performing the audiometric testing should be 
monitored to evaluate if proper procedure is being performed. 
6. Referrals - When a STS occurs, the employer should identify a trustworthy 
physician to evaluate the employee as to the cause of the STS. Procedures 
should be in place to perform this part of the hearing conservation program. 
7. Hearing Protection Devices - This should be the last line of defense. If this 
option is undertaken, employee fit and comfort should be evaluated. This 
should be monitored periodically to ensure proper attenuation for desired 
work processes. 
8. Administrative - Policies and procedures should be maintained, and the policy 
should be clear and understandable for those (project managers, foreman, 
safety personnel) that will be monitoring and implementing the hearing 
conservation program. (NIOSH, 2005). 
Even though NIOSH is not a regulatory agency regarding occupational hearing 
protection, the agency does offer different criteria on ways to improve a company's 
hearing protection program. NIOSH recommends that a company use the criteria of an 8 
hour TWA of 85 dBA, with an exchange rate of 3 dBA. Also, NIOSH recommends that 
when utilizing HPD's, a company would want to assume a reduction in performance. For 
an ear muff there is a 25% reduction, 50% reduction for formable ear plugs, and a 70% 
decrease for other plugs (NIOSH, 1996). The researcher feels that a company would 
benefit more if they were to implement the recommended standards for NIOSH. These 
standards are slightly stricter when it comes to using hearing protectors. The researcher 
also assumes most companies only fix the problems of noise with hearing protectors, if 
this is the case, a company using the NIOSH standards for hearing protection would need 
to engineer or use administrative controls to better control employees' noise exposure. A 
hearing conservation program can be run effectively if the problems with hearing 
conservation programs are understood. 
Problems with hearing conservation programs 
Recent research suggests that even though OSHA has developed two standards 
relating to occupational noise exposure in construction there is still hearing loss occurring 
among employees working in the construction industry (Garvey, 2000). A reason for this 
may be due to the fact that there are problems with the hearing conservation programs 
construction companies are or trying to implement. 
Some challenges that related construction situations pose to the effective 
implementation of a hearing conservation program is the fact that construction is a noisy 
process, the noise in construction tends to be intermittent and impulsive, and the 
workforce is mobile and at times fluctuates (Hager, 2003). On August 5, 2002, OSHA 
proposed a new rulemaking regarding hearing conservation in the construction industry. 
This tells us that OSHA is considering a new rule, to help improve the hearing 
conservation standard in construction. There are currently two standards for hearing 
protection in construction, which are 29 CFR 1936.52 and 29 CFR 1936.101. The 
problem with these two standards is the fact that they do not offer the same kind of 
protection offered in general industry (Hager, 2003). The researcher does recognize the 
inadequacy of the current hearing protection standards for the construction industry, and 
believes that the hearing protection standards for construction can be improved if some of 
the items from the general industry standard were applied to the construction standard. 
Even this may be difficult due to the fact there are so many variables when it comes to 
implementing a hearing conservation program in construction. 
A hearing conservation program can be difficult to implement due to the fact that 
the workforce is very mobile. Employees could work for many different contractors over 
the course of the construction season. This poses a difficult task when trying to 
determine who is responsible for training, medical surveillance, and hearing test records. 
Then it would come down to who is ultimately responsible for the hearing loss, in terms 
of recordkeeping on OSHA logs, and in terms of liability (Hager, 2003). Another factor 
that makes it difficult to implement a hearing conservation program in construction is the 
fact that the noise is intermittent, and impulsive. Intermittency of the noise makes it very 
difficult to provide an accurate determination of exposure. Also, the operations vary 
from day to day which may not represent a true long term noise exposure risk. With the 
previously stated problems being the case, there is a high reliance on hearing protection 
devices in the construction industry (Hager, 2003). 
A personal hearing protection device (or hearing protector) is any device designed 
to reduce the level of sound reaching the eardrum. Earmuffs, earplugs, and ear canal caps 
(also called semi-inserts) are the main types of hearing protectors. A wide range of 
hearing protectors exists within each of these categories (NIOSH, 1996). The researcher 
believes that the most effective way to prevent hearing loss is to remove the hazardous 
noise or remove the employee exposure. Also, if engineering and administrative controls 
are not feasible, this should be the only time when hearing protection devices are 
considered. When a worker's time-weighted noise exposure exceeds 100 dBA, both 
earplugs and earmuffs should be worn. Given the real-world performance of hearing 
protectors, NIOSH cautions that even double protection is inadequate when TWA 
exposures exceed 105dBA (NIOSH, 1996). It is imperative that workers and 
management realize the crucial importance of wearing hearing protection correctly. The 
reason is that NIOSH states that intermittent wear will reduce the effective protection of 
the hearing protector. For example, a hearing protector offering 30 dB of attenuation for 
an 8-hr exposure would effectively provide only 15 dB if the worker removed the device 
for 30 minutes during that 8 hour day (NIOSH, 1996). This is implying that the best 
hearing protectors offered are the ones that the employees like and feel comfortable to 
wear. Even though there are many challenges to implementing a hearing protection 
program in construction, the researcher feels that there are many benefits for both the 
employer and the employee with the idea stressed that the program should be monitored 
and evaluated to determine if improvements are needed. 
Employer benejts from an effective hearing conservation program 
Hearing conservation programs are required by federal and state occupational 
safety and health agencies. Companies that choose not to comply with regulations are 
liable for citations and fines (NIOSH, 1996). The researcher feels that employers will 
also be held liable and accountable in the form of lawsuits and disability payments for 
employees hearing loss when no efforts were made to protect employees to excess noise 
and as such employers will want to protect themselves from this type of liability. NIOSH 
states that insurance carriers may also advocate hearing conservation programs, and 
companies that fail to protect their employees from excessive noise could find their 
premiums increasing. This would indicate a strong reason for an employer to consider a 
hearing conservation program. Another reason an employer would want to explore the 
idea of a hearing conservation program is because it promotes good labor relations 
between the employer and the employees. Employees will feel that management is 
concerned about their overall well being, and this type of concern may translate to 
improved productivity and product quality. NIOSH also reports that noise itself can have 
an adverse effect on productivity. For complex jobs and those requiring concentration, 
studies have shown that greater efficiency is linked to lower noise levels at work 
(NIOSH, 1996). The researcher feels that the benefits of a hearing conservation program 
would prove to be cost-effective for management, and the return on investment would be 
something worth exploring. If monitored and run effectively, a hearing conservation 
program can produce a beneficial return on investment (NIOSH, 1996). 
Employee benefits from an effective hearing conservation program 
The hearing conservation program's most obvious benefit to employees is that it 
saves their hearing and ability to communicate. Because occupational hearing loss is 
chronic in nature, many individuals are unaware of the impairment until it is too late. 
Occupational hearing loss is permanent in nature and can not be reversed by medical 
treatment. Employees that have worked for a majority of their life deserve to enjoy their 
retirement; they should be able to socialize with family and friends, and listen to music 
and the sounds of nature without the added burdens of hearing aids. The employees that 
are at the most risk are young workers (NIOSH, 1996). The researcher feels this may be 
due to a lack of education and a feeling of invincibility that younger adults tend to feel. 
NIOSH states that an additional benefit of an occupational hearing loss prevention 
program is that it can detect hearing loss that may be due to factors other than workplace 
noise exposure. For example, a carpenter who enjoys trapshooting on the weekend can 
use his or her knowledge about protection to use devices to protect their hearing 
capabilities. According to NIOSH, it is reported by employees working in the field with 
effective hearing conservation programs is that they generally feel better; less tired and 
irritable. They sometimes report that they are no longer bothered by temporary 
reductions in hearing ability at the end of the day, or by the tinnitus (ringing in the ears) 
that often accompanies the development of noise-induced hearing loss. Finally, it is 
reported that reduced noise exposures also can be correlated with improved employee 
morale, and, in some cases, higher production efficiency (hTIOSH 1996). 
Summary 
There are many factors to consider when developing a hearing conservation 
program and the variables introduced by the construction industry do not make this an 
easy process. It is imperative that an employer understand an individual's ability to hear, 
the characteristics of noise, and the construction industry accepted standards for hearing 
conservation, as well as recommended standards for hearing conservation and continuous 
monitoring and evaluation for the hearing conservation program. With a little initiative, 
problem solving, and brainstorming, it is likely that a company will be able to develop 
both an effective and cost beneficial hearing protection program. The researcher believes 
that the most important issue relating to hearing conservation in construction is the 
continuous monitoring of processes and activities to determine true noise exposures, 
along with implementing engineering and administrative controls whenever feasible. 
Chapter 111: Methods 
Introduction 
The purpose of the study was to identify the extent that Company XYZ is utilizing 
best management practices to minimize the potential for noise-related exposures found 
among its employees. The objectives of this study were to determine the minimum noise 
reduction rating (NRR) for hearing protectors currently being utilized by carpenters and 
operators, identify occupational noise exposure levels for carpenters and operators, 
recognize the extent that employees are utilizing hearing protectors that are currently 
being furnished, and identify the frequency as well as severity that Company XYZ has 
incurred monetary loss associated with carpenters' and operators' exposure to noise. This 
chapter will describe the data collection and analysis methods used during this study. 
Subject selection 
Subjects in this study were selected based on their occupation as well as the 
construction site they were performing work at. The individuals selected for this study 
were either an operating engineer or a carpenter. All subjects selected for this study were 
located at construction site ABC. The subjects' participation in this study was 
completely voluntary, and the names of the individuals participating in this study were 
withheld to ensure confidentiality. Carpenters within the same work areas, and operating 
engineers of cranes and forklifts were the individuals sampled in this study. 
The researcher would like to note that there was information relating to the 
company's current hearing conservation program gathered from the' safety professionals 
who worked for this organization. These individuals were selected because the 
researcher believed that they would be able to offer the best information about the current 
hearing conservation program. 
Instrumentation 
The equipment utilized during this study involved various types of 
instrumentation which included; five Quest M-27 noise dosimeters, two Quest 4-300 
noise dosimeters, a Quest Model 2800 sound level meter, and a Quest 1 10 dB model CA- 
12 sound calibrator. Before and after each sample session, the equipment was calibrated 
using the Quest 1 10 db sound calibrator in the field to ensure that accurate samples were 
collected. An item to note is that the equipment was not calibrated internally for more 
than 8 years so the results may not be as accurate as possible. This equipment was 
borrowed from another firm, because the company did not have any equipment available 
for use in this study. 
Each of the noise dosimeters used in the study were pre-programmed according to 
the requirements of the Occupational Safety and Health Administration. The seven noise 
dosimeters were set with a slow response rate, an exchange rate of 5 dB, type A 
frequency rating, and a criterion level of 90 dbA. The Quest 2800 sound level meter was 
set on a slow response when performing measurements. After the instruments were 
calibrated, the data was collected and recorded. 
Data Collection 
Noise level surveys were completed on various days for a period of 6 weeks 
during the months of October through November of 2005. During the sample periods, 
subjects were selected based on the criteria previously discussed in this chapter. After a 
brief discussion about the purpose of the study with the willing participants, they were 
handed a voluntary consent form to sign, and a survey (Appendix H) to aid in the analysis 
of the current hearing conservation practices at Company XYZ. Willing participants in 
this study were then given a Quest M-27 or a Quest 4-300 at the beginning of the shift 
for the entire workday to obtain a time weighted average (TWA), dose, peak level, Lavg, 
max level, data obtained was from the activities the participants were performing during 
the time of sampling. At the time of sampling, employees were working eight to nine- 
hour shifts in three main areas of the project. All questions were answered regarding the 
study prior to employees beginning work. Throughout the work day, the researcher 
monitored the work crews to ensure tampering with the noise monitoring equipment was 
not taking place, and to address any comfort issues regarding the noise dosimeters. Other 
information that was collected during the sample period included employee name, 
dosimeter serial number, date of sample, calibration documentation, any problems with 
the equipment, time of sample, area of work, activities performed, job title, if hearing 
protection was being worn, and equipment being used by employees. Employee names 
were recorded and given a number established by the researcher, and names were not 
included in the study to ensure confidentiality. To aid in the analysis of noise exposure 
that the carpenters and operators were experiencing during the sample periods, a Quest 
Model 2800 sound level meter was used to perform "spot checks" of various pieces of 
equipment that an operator or carpenter may utilize during a work day. These "spot 
checks" were performed in the areas of work while the subjects were wearing the noise 
dosimeters to help establish a true TWA or noise exposure. 
Another tool used for this study was to interview safety personnel regarding 
hearing conservation practices currently being utilized by Company XYZ. The basis of 
the interview was established with the aid of the NIOSH hearing conservation evaluation 
checklist as can be found in Appendix G of this study. The questions found on this 
survey allowed the researcher to analyze the current management practices of Company 
XYZ based on the responses given by the safety personnel. This set of questions also 
helped in comparing differences in opinion between management and field employees, 
and possibly identify areas of improvement for the current practices. The series of 
questions subsequently aided in identifying the hearing protectors currently being 
provided by Company XYZ and possible areas of improvement. The safety personnel 
were also asked to provide data regarding their current hearing conservation practices as 
well as data regarding any losses that have been accrued as a result of hearing loss 
claims. This information was provided by the safety personnel in the form of an 
insurance loss run, and the company's current written hearing conservation program. 
Limitations 
There are possible limitations regarding this collection of data for this study. The 
first limitation was a time constraint to complete the research. If given more time, all 
activities performed by operators and carpenters would have been included in this study. 
A main activity that was excluded from the study was pile driving activities because these 
activities were not taking place at the time of the study. Also, management and other 
field employees would have been interviewed and allowed to complete the survey 
regarding the current hearing conservation practices. In this study, only those willing to 
participate in the study were given the survey. One final limitation to note is the fact that 
the data was collected from only one construction site. Construction sites vary from one 
location to another and the corresponding data could possibly differ. 
Chapter IV: Results 
Introduction 
The purpose of the study was to identify the extent that Company XYZ is utilizing 
best management practices to minimize the potential for noise-related exposures found 
among its employees. The objectives of this study were to determine the minimum noise 
reduction rating (NRR) for hearing protectors currently being utilized by carpenters and 
operators, identify occupational noise exposure levels for carpenters and operators, 
recognize the extent that employees are utilizing hearing protectors that are currently 
being furnished, and identify the frequency as well as severity that Company XYZ has 
incurred monetary loss associated with carpenters' and operators' exposure to noise. 
Results - Objective 1 
Through visual observations of the hearing protection devices offered to and 
being used by employees, and through a reconfirmation by the safety professionals, it 
was determined what types of hearing protection devices were made available to 
employees. From this confirmation, the noise reduction rating (NRR) for each hearing 
protection device was also confirmed and the appropriate NRR for the hearing protectors 
offered can be found in Table 4-1 below. The table below shows the actual reduction of 
noise for each type of hearing protector offered. The Max- 1 ear plug offers the best 
protection for employees when using a hearing protection device all by itself. The Max- 1 
ear plug has an actual noise reduction of 13 dB. However, the combination of using the 
Max-1 ear plugs and the Peltor ear muffs at the same time offers employees the greatest 
amount of protection from noise. Table 4-1 can be useful in determining the proper 
hearing protection for the noise exposures commonly found among carpenters and 
operators at construction site ABC. 
Results - Objective 2 
The second objective for the study was to determine the noise exposure for 
carpenters and operators at construction site ABC. A sound level meter was used to 
conduct "spot checks" to determine noise exposures for the equipment carpenters or 
operators may use. Table 4-2 and Table 4-3 outline tools and equipment that carpenters 
and operators may use and the exposures the tools or equipment may produce. In Table 
4-2, one can see that using an air pipe to blow off concrete dust from columns produces a 
high amount of noise at 1 18 db. One should also note that using a hammer on wood or 
metal concrete forms produces a higher amount of noise at 107 db respectively. Data 
collected from the equipment being used during the time of the study produced sound 
levels all around 90 db or higher. The equipment during the time of sampling was being 
used throughout the day for a majority of the shift. Data collected in Table 4-2 was 
collected at the source which would produce higher decibel levels. As equipment is 
moved farther from employees, it should be assumed that sound levels would decrease 
which would offer employee protection. Some equipment sampled will never be able to 
be placed away from employees. A carpenter is constantly using a hammer, and will 
never be able to move away from this, thus hearing protection may be needed in this case. 
Table 4- 1 : Hearing Protection Offered by Company XYZ and the Protection Factor 
Hearing Protection Device(s) NRR 
Peltor Ear Muffs 28 dB (28-7)/2 A
Attenuation 
Push - In Plugs 
Max-1 Foam Plugs 
Push - In + Peltor Muff 
Max-1 + Peltor Muffs 
Actual Reduction of Noise 
28 dB 
33 dB 
28dB&28dB 
33 dB & 28 db 
(2 8 - 7)/2 
(33-7)/2 
(28-7)/2 
(33-7)/2 
6.5 dB 
13 dB 
6 .5dB+5dB=11.5dB 
1 3 d B + 5 d B = 1 8 d B  
Table 4-2: Carpenter Average Noise Exposure Levels using a Sound Level Meter 
Equipment/Tool 
Pump Truck 
Concrete Truck 
Pneumatic Chipping Hammer 1 100 1 X 1 
Decibels (dbA) 
Air Pipe Blowing off Columns 
1 Diesel Generator 1 89 I X 1 
87 
86 
Miller GeneratorIWelder 
X 
X 
118 X 
Milwaukee Circular Saw 
Rite Lite Mobile Light Plant 
I Generator I 99 1 96 1 
Diesel Engine Water Pump 
Stihl C h o ~  Saw 
98 
8 1 
X 
X 
96 
104 
Isko HiCycle 
Carpenters Hammer on Wood 
Carpenters Hammer on Nail 
Table 4-3 presents the noise exposure of operating engineers that were working 
X 
94 
Carpenters Hammer on Metal Form 
Hilti Drill 3/16" bit 
Milwaukee Drill 91 16" paddle bit 
Makita Jig Saw 
on this construction site. The two Manitowoc cranes produced the highest noise levels. 
90 
107 
95 
These cranes are older cranes and are commonly referred to as friction rigs because the 
84 
X 
X 
107 
92 
89 
90 
drums that the load lines are wrapped around use friction to slow or stop the drums when 
X 
X 
X 
X 
lowering loads. The engine compartment produces a substantial amount of noise and is 
located right behind the operator, which is separated from the operator by a thin wall and 
a door. During the process of gathering data, the sound level meter was positioned near 
the operator's seat in proximity to the head of the operator at the time of the sound 
measurements. With the cab closed on both the Manitowoc 4000 and 3900, the decibel 
level increased. This may be due to the engine being located right behind the operator's 
seat and when the doors and windows are enclosed, which keeps the sound within the 
operators cab. This may pose a problem during the winter months when the cab of the 
crane is most likely closed to keep the operator warm. As one can also see in Table 4-3, 
the Link-Belt and Grove RT 500D exposes operator's to less noise. The sound level 
meter was positioned in the same area as in the two Manitowoc Cranes. When the cab 
was closed, the noise level within the cab decreased significantly. The forklift on the job 
did not produce a substantial amount of noise, it only produced 86 dB of noise, but this 
forklift should be monitored as more hours are put on it. As a machine gets older, it may 
produce higher level of noise. 
Table 4-3: Operators' Average Noise Exposure using a Sound Level Meter 
Operator Exposure 
Link - Belt Crane 
Manitowoc 4000W 
Grove RT 500D 
Decibels (dbA) 
Cab Open I Cab Closed 
Lull Rough Terrain Fork Lift 
construction site. The carpenters are categorized by work area and not by number. The 
87 
103 
95 
Manitowoc 3900 
reason the number is out of order is because the carpenters were sampled in the order 
79 
108 
90 
86 
given to them. Carpenter 1 was first and carpenter 12 was the last sample collected. It is 
x 
Table 4-4 presents the noise exposures collected for carpenters on the 
96 
interesting to see that the TWA for the carpenters were very similar when grouped by 
100 
work area. None of the TWA's for the carpenters exceeded the OSHA PEL of 90 dB for 
an eight hour work day, but if one was to use the OSHA hearing conservation criteria, 
many of these carpenters would need to be included into the hearing conservation 
program. Any carpenter with a TWA of 85 dB or greater would need to be included into 
a hearing conservation program. Another interesting item to note is the fact that almost 
all the carpenters sampled had peak levels around 140 db. OSHA states that no employee 
should be exposed to impact or impulse noise of 140 db or greater, which is most likely 
the level of exposure experienced by carpenters. All carpenters sampled were performing 
similar work, and the tasks include stripping concrete forms from poured concrete 
foundations or walls, forming concrete walls, cutting wood with circular saws, cutting 
rebar with a chop saw, using drills, and generatorslwelders. The researcher would like to 
let it be known that even though all carpenters within this study fell below the OSHA 
PEL based on an eight hour TWA, this does not mean that they were not exposed above 
the OSHA PEL. A carpenter could have been exposed to noise levels at 100 dB for two 
and a half hours which would be over the OSHA PEL, and for the rest of the period the 
same carpenter was in a quieter area skewing the eight hour TWA. If one were to take 
the TWA's found in Table 4-4 as a true measurement, the hearing protection devices 
offered by Company XYZ would offer significant protection for the employees. 
Table 4-4: Carpenters' Noise Exposure using a Noise Dosimeter 
Hearing 
Conservation I I I I I I 
Grouped by Area of Work 
OSHA 
Engineering 
Carpenter 1 Criteria 7 hr 55 min 40.05 83.4 147.2 84.2 116.9 
OSHA 
Hearing 
Conservation 
ID Fan Area Criteria 7 hr 55 min 53.72 85.5 147.2 86.3 
ID Fan Area I Criteria 1 8hr35min 1 43.4 1 84 140.6 1 83.4 114.3 
OSHA 
Carpenter 3 
Engineering 1 
OSHA 
Sample 
Period 
I Hearing Conservation I I I I I 
OSHA 
OSHA 
Engineering 
Criteria 
ID Fan Area Criteria 7h r31  min 84.11 88.7 147 89.2 
~~~~~ 
OSHA 
Log Dose 
(YO) 
Carpenter Engineering 
Criteria 8 h r 1 5 m i n 1  42.6 83.9 1 140 83.6 116 
OSHA 
8 hr 35 min 
Hearing 
Conservation 
ID Fan Area Criteria 8h r  15min 86.2 140 85.9 116 
TWA 
(dbA) 
33.8 
Peak 
(d b A) 
Lavg 
(d b A) 
Max 
(dbA) 
82.2 140.6 81.6 114.3 
Carpenter 
12 
ID Fan Area 
Carpenter 5 
Lime Prep 
Area 
Carpenter 8 
Lime Prep 
Area 
Carpenter 
10 
Lime Prep 
Area 
Carpenter 6 
CT Area 
Carpenter 7 
CT Area 
Carpenter 9 
CT Area 
~ --- 
Carpenter 2 
Aux. Boiler 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
---- 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
8 hr 15 min 
8 hr 15 min 
9 hr 
9hr  
8h r35  min 
8 hr 35 min 
~~~~~~~ 
9hr  
9hr  
9 hr 30 min 
----- 
9 hr 30 min 
9 hr 30 min 
9 hr30 min 
9 hr 25 min 
9 hr 25 min 
---- 
I 
4 hr 56 min 
4 hr 56 min 
26.33 
36.4 
80.4 
82.7 
22.7 
35.2 
56.78 
69.97 
49.1 
72.2 
3 1 
51.2 
17.2 
27.81 
17.68 
3 1.07 
5.1 
11.1 
141 
141 
79.3 
82.5 
85.9 
87.4 
84.9 
87.7 
81.6 
85.2 
77.3 
80.8 
77.5 
81.6 
- 
68.5 
74 
80.2 
82.5 
115 
115 
139.5 
139.5 
147.2 
147.2 
144.3 
144.3 
78.3 
81.5 
85 
112.1 
112.1 
117.4 
145.5 
145.5 
143.6 
143.6 
146.5 
146.5 
86.5 
83.9 
86.7 
84.3 
76 
79.4 
76.3 
80.3 
120 
120 
115.5 
114 
114 
117.5 
117.5 
134.4 110 
134.4 79 110 
Table 4-5 outlines the operator's sound exposure for, the time sampled. The 
operator's number is the order they were sampled, and the area of work is also given. 
Some of these values are rather interesting in nature. Table 4-3 presents a decibel level 
' 
of 102 when the cab was open on the Manitowoc 4000. The Manitowoc 4000 operator's 
TWA was only 82 db respectively. Some assumptions can be made about the reasoning 
for this. One is that the operator may not have been busy on this day and the crane was 
idle for long periods of time, or as previously stated, the operator could have been 
exposed to 100 dB for more than two hours but the rest of the time this operator was 
exposed to much lower sound levels. However, if this was the case the operator would 
still not be under the permissible exposure limit (PEL), and hearing protection devices 
must be implemented. All operators had similar TWAYs to that of the carpenters in the 
same areas. This may be the case because the cranes are a support element for the 
construction crews. The operators' peak levels were all relatively the same as the 
carpenters' peak levels as well. The Link-Belt crane seemed to produce the most 
protection to the operator because there was the greatest reduction in decibels when the 
cab was closed versus open which can be viewed in Table 4-3. 
Table 4-5: O~erators' Noise Ex~osure usinn a Noise Dosimeter 
Operator 1 
Link-Belt 
Crane - 
Lime Prep 
Area 
Operator 2 
Manitowoc 
4000 - ID 
Fan Area 
Sample 
Period 
8 hr 10 min 
8 hr 10 min 
7 hr 50 min 
7 hr 50 min 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
Log Dose 
(YO) 
11.95 
19.89 
11.6 
32.5 
TWA 
(dbA) 
61.6 
73.3 
74.5 
81.9 
Peak 
(dbA) 
130 
130 
147 
147 
Lavg 
(d bA) 
61.4 
73.1 
74.6 
82.1 
Max 
(d bA) 
107.2 
107.2 
11 1.3 
11 1.3 
Results - Objective 3 
As noise surveys and samples were being conducted, the researcher was also 
conducting observations of all employees in the work areas. It was interesting to find that 
only one person among the operators and carpenters wore hearing protection devices on a 
regular basis. This person wore hearing protection devices when performing normal 
operations through out the day. However, this person would pull out the ear plugs to 
communicate. This may be a problem if this person was exposed to excessive noise 
levels, because at times the hearing protection device would not be placed back in the ear. 
An employee survey was also another tool utilized by the researcher to identify the extent 
employees utilize hearing protection. 
64.6 
80.9 
71.4 
79.7 
85.1 
86.9 
8 1 
83.9 
Operator 3 
Lull 
Forklift - 
Whole 
Jobsite 
Operator 4 
Manitowoc 
3900 - CT 
Area 
Operator 5 
Grove RT 
Crane - 
Aux Boiler 
Next to the 
Plant 
Operator 6 
Oiler - ID 
Fan Area 
7 hr 50 min 
7 hr 50 min 
6 hr 50 min 
6 hr 50 min 
8 hr 10 min 
8 hr 10 min 
8 hr30 min 
8 hr 30 min 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
OSHA 
Engineering 
Criteria 
OSHA 
Hearing 
Conservation 
Criteria 
146.3 
146.3 
141.3 
141.3 
144.3 
144.3 
139 
139 
2.97 
28.28 
7.5 1 
24.07 
50.8 
65.1 
28.9 
42.9 
64.8 
8 1 
72.5 
80.8 
8 5 
86.7 
80.6 
83.5 
107.4 
107.4 
104.2 
104.2 
121 
121 
118 
118 
From the surveys distributed and collected, it can be concluded that employees 
do not wear hearing protection regularly. A majority of the participants reported they 
wear hearing protection less than 20% of the time that they are in noisy environments, 
and at the same time, all but one reported that they know when they should be wearing 
hearing protection. A copy of this survey can be found in Appendix H. The participants 
also reported that a variety of hearing protection devices are offered, but there was not 
any formal training being conducted regarding the use of hearing protectors. Other things 
to note from the employee survey is that many of them suggested annual hearing tests to 
be conducted, and all stated they though a formalized hearing conservation program 
would benefit the organization. 
Results - Objective 4 
As a part of this study, an insurance loss run was collected regarding hearing loss 
claims for Company XYZ. After reviewing this loss run, it can be concluded that the 
organization has had hearing loss claims made against them. People claiming hearing 
loss from 2000 and later consists of seven operators and one carpenter. Each claim varies 
in the dollar amount associated with it; however, each claim resulted in a loss for the 
organization. The frequency of claims has been eight claims in the last six years. The 
frequency as well as the severity should be considered when thinking about making 
improvements to a hearing conservation program. As of 2004, OSHA requires employers 
to record hearing loss claims on their OSHA 300 logs. If this organization keeps having 
valid hearing loss claims brought against them, they may experience an increased 
incident rate which could ultimately affect their profits. 
Chapter V: Recommendations and Conclusion 
Introduction 
The purpose of the study was to identify the extent that Company XYZ is utilizing 
best management practices to minimize the potential for noise-related exposures found 
among its employees. The objectives of this study were to determine the minimum noise 
reduction rating (NRR) for hearing protectors currently being utilized by carpenters and 
operators, identify occupational noise exposure levels for carpenters and operators, 
recognize the extent that employees are utilizing hearing protectors that are currently 
being furnished, and identify the frequency as well as severity that Company XYZ has 
incurred monetary loss associated with carpenters' and operators' exposure to noise. 
Noise dosimeters and a sound level meter were used to obtain the levels of noise that 
employees were exposed to during the course of the sample period. Along with the noise 
monitoring equipment, employee surveys, and observations of employees were made 
throughout the course of the study. Finally, interviewing safety personnel was performed 
to determine current hearing conservation practices by Company XYZ and to identify 
cases of past hearing loss claims. This chapter will include the researcher's conclusions, 
recommendations to improve the current hearing conservation program of Company 
XYZ, and some areas of improvement for further research. 
Conclusions 
Construction poses many challenges to effectively monitoring and administering a 
hearing conservation program. However, with a little ingenuity, a little investment, and 
the drive to succeed, an effective hearing conservation program can be achieved. The 
researcher believes that the current hearing conservation practices of Company XYZ 
meet most of the minimum requirements of the OSHA construction hearing protection 
standard. One area of improvement regarding the standard would be the continuous 
monitoring of employees using hearing protection, and training them on an annual basis 
on the proper use and selection of hearing protection, and permissible exposure levels 
(PEL). The researcher also feels that the safety personnel at Company XYZ is very 
knowledgeable when it comes to hearing conservation standard and the accepted 
practices in construction, however, upper management may be inhibiting the best 
practices available to a hearing conservation program. The researcher also feels that this 
should not be the case, and every opportunity for improvement should be made. 
Even though, the carpenters and the operators of this study fell below the 
permissible exposure limits as regarded by OSHA, this does not necessarily reflect a true 
exposure. For example, an employee with a TWA of 83 db falls below the OSHA 
requirements for an eight hour day, but that same employee could have been exposed to 
high enough noise levels around 95 db for around four hours of the day and that may 
exceed the PEL. This may indicate there are a lot of peaks and valley's for employees 
being exposed to noise on a construction site. Also, it is often that construction workers 
do not follow the standard eight hour shifts. TWA's would then have to be adjusted for 
the length of shift being worked. 
Also, from viewing the insurance loss run within the last six years, there have 
been eight claims relating to occupational noise exposure. These claims were all before 
2003 resulting in some form of monetary losses to the company. These losses have 
resulted in a loss of a substantial amount of money. As of 2004, OSHA now requires 
employers to document claims related to hearing loss on their OSHA 300 logs. Company 
XYZ has not had any hearing loss claims in the last two years. However, the researcher 
feels any further valid hearing loss claims will result in an increase to Company XYZ's 
incident rate which could ultimately affect their profitability by not being able to receive 
bids as well as the monetary losses incurred by the claim. This may justify buying the 
hearing protection that employees prefer (voice - activated muffs, or ear plugs with 
cords), as well as buying noise monitoring equipment to use in the field in areas where 
needed. 
The hearing protection devices offered by Company XYZ have sufficient noise 
reduction ratings (NRR). However, there may be a need for a combination of ear plug 
and ear muff protection in some operations. There may be other activities not listed in 
Chapter IV that require the use of both ear plugs and ear muffs at the same time to 
effectively protect employees. One problem to note about the hearing protection devices 
offered by Company XYZ is the fact that they are not worn often enough by employees. 
This may be due to improper supervision, lack of knowledge, or uncomfortable hearing 
protection devices. From the observations conducted by the researcher during the study, 
only one employee consistently wore hearing protection during the course of his 
activities. In the following section of this chapter, recommendations are offered to help 
improve the hearing conservation practices of Company XYZ. 
Recommendations 
This section will present recommendations to aid in the improvement of the 
hearing protection practices at Company XYZ. The researchers believes that some or all 
of these recommendations could be implemented over a period of time to aid in the 
improvement of Company XYZ's hearing conservation practices as well as prevent 
further losses resulting from occupational hearing loss claims. 
1. Operators engaged in the operation of friction type cranes such as the 
Manitowoc 4000, and Manitowoc 3900 should be required to use hearing 
protection devices such as ear muffs. The squealing and the noise generated 
by the engine of the crane have noise levels high enough to cause a 
significant amount of hearing damage, even after short durations of time. 
The researcher recommends that if the Company decides to provide and 
implement ear muffs in the friction type crane, it should buy ear muffs with 
voice recognition to address employee concerns of not being able to hear 
other people and their machine. Buying this type of hearing protection 
devices are far cheaper than paying the losses associated with the eight 
hearing loss claims generated within the last six years. Another option may 
be to insulate the cabs of the friction type rigs with foam insulation to 
absorb some of the noise, thus reducing the operator's exposure to noise. 
This may prove to be a quick and economical fix to this issue. 
2. It is recommended that Company XYZ provide yearly training to employees 
on the topic of hearing conservation. From the employee survey that was 
handed out, most employees stated they did not receive any form of training 
regarding hearing conservation and the use of hearing protectors by their 
current employer. If forepersons or other management are going to provide 
the training, they should be knowledgeable in the topic of hearing 
conservation to be able to answer any questions by employees or be able to 
provideluse the appropriate type of hearing protection. 
3. It is recommended that Company XYZ prepare an inventory of work tasks 
by noise exposure level. This inventory guide would allow employees to 
know exactly when hearing protection would be required. It would also 
allow employees to be informed on the appropriate types or combinations of 
hearing protection needed for each task. This would eliminate the guess 
factor for employees, because employees who have been exposed to high 
levels of noise may have hearing damage that has already occurred, and may 
not realize they are being exposed to harmful noise levels because the noise 
may not sound as loud as it does to another employee. 
4. It is recommended that Company XYZ implement supervisor accountability 
for the use of hearing protection devices. From observations, it was 
determined that hearing protection was worn whenever the employee felt it 
was loud enough to warrant hearing protection. Only one person was 
observed wearing hearing protection during the activities listed in Chapter 
IV. This individual was not even being exposed to noise levels warranting 
hearing protection. Hearing conservation should be taken as seriously as 
fall protection is taken on a construction site. 
5. Although the construction companies are not held to the general industry 
hearing conservation standard, a construction company that is proactively 
protecting their employees may want to explore using some of the 
guidelines used by the general industry standard. It is recommended that 
Company XYZ implement annual audiograms for employees, including 
employees whose noise exposure is greater than 85 db to be included into 
the hearing conservation program, as well as conducting frequent noise 
sampling surveys. 
6. Over a period of the next 10-1 5 years, it is recommended that Company 
XYZ phase out the use of cranes that are commonly known as friction rigs, 
and for any future cranes which are purchased or leased, the option of 
having hydraulic assisted drums and not friction type drums should be 
explored. These friction drums are a source of high pitched noise. Also the 
cranes that are more up to date have cabs that allow employee protection 
from engine noise. 
7. Purchasing noise monitoring equipment is recommended to Company XYZ 
to aid in the assessment of employee noise exposure. This option would be 
cheaper than hiring a consulting firm to perform this task. With a little bit 
of training, forepersons and other management can perform the task of 
gathering noise exposure data from project to project which could be used 
for the noise exposure inventory. 
8. It is recommended to Company XYZ management should explore the use of 
engineering controls if at all feasible, such as placing a ply wood barrier 
around a generator can be used to significantly reduce noise levels, and 
possibly reduce levels below the level required to wear hearing protection. 
Also the purchasing of newer and quieter equipment and tools should be an 
option explored by those purchasing new tools and equipment to be used 
during construction processes. 
9. It is recommended that the continued maintenance of tools and equipment 
currently practiced by Company XYZ should be maintained. This will help 
in a reduction of noise on equipment with motors. If the motors or bearings 
are greased and lubricated often, this can reduce the amount of noise 
generated by the equipment. Company XYZ should continue the current 
maintenance procedures being practiced. 
Areas of Improvement for Further Research 
As with any research, the researcher feels there are areas of improvement for 
further study. In this study, only one construction project was targeted, and as such, in 
future studies, one may want to perform studies at multiple construction sites to broaden 
the data for occupational noise exposure among carpenters or operators. Also, one may 
want to broaden the targeted subjects to all construction trades, as well as perform the 
study from the start of the construction project all the way through its completion. 
Another area of improvement would be to print out the logged data from the noise 
dosimeters. In this study, this was not done due to the fact that the equipment was 
borrowed. By having the logged data printed out, one would be able to visually see the 
exposures of employees wearing noise dosimeters. Researchers would be able to 
determine if the TWA was a true exposure or if the TWA was skewed due to being in 
"quiet" areas for periods of the work shift. 
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Appendix A: Noise Calculations 
Equation One: 
A-weighted Sound Level Calculation 
Equation Two: 
Eight Hour TWA Sound Calculation 
D 
TWA = 16.61 loglo - + 90 
100 
LA = the continuous equivalent A-weighted sound level in 
decibels for the time period sampled 
D = dosimeter readout in percent noise dose 
t = the sampling time in hours 
TWA = the eight hour time-weighted average in decibels (dBA) 
Source: (OSHA, 2005) 
Appendix B: Appendix - C 29 CFR 1910.95 
This Appendix is Mandatory 
1. In the event that pulsed-tone audiometers are used, they shall have a tone on-time of at 
least 200 milliseconds. 
2. Self-recording audiometers shall comply with the following requirements: 
(A) The chart upon which the audiogram is traced shall have lines at positions 
corresponding to all multiples of 10 dB hearing level within the intensity range spanned 
by the audiometer. The lines shall be equally spaced and shall be separated by at least 
114 inch. Additional increments are optional. The audiogram pen tracings shall not 
exceed 2 dB in width. 
(B) It shall be possible to set the stylus manually at the 10-dB increment lines for 
calibration purposes. 
(C) The slowing rate for the audiometer attenuator shall not be more than 6 dB1sec except 
that an initial slowing rate greater than 6 dB1sec is permitted at the beginning of each new 
test frequency, but only until the second subject response. 
(D) The audiometer shall remain at each required test frequency for 30 seconds (+ or - 3 
seconds). The audiogram shall be clearly marked at each change of frequency and the 
actual frequency change of the audiometer shall not deviate from the frequency 
boundaries marked on the audiogram by more than + or - 3 seconds. 
(E) It must be possible at each test frequency to place a horizontal line segment parallel to 
the time axis on the audiogram, such that the audiometric tracing crosses the line segment 
at least six times at that test frequency. At each test frequency the threshold shall be the 
average of the midpoints of the tracing excursions. 
Source: OSHA 29 CFR 1910.95 Appendix C 
Appendix C: Appendix D-29 CFR 191 0.95 
This Appendix is Mandatory 
Rooms used for audiometric testing shall not have background sound pressure levels 
exceeding those in Table D- 1 when measured by equipment conforming at least to the 
Type 2 requirements of American National Standard Specification for Sound Level 
Meters, S 1.4-1 971 (R1976), and to the Class I1 requirements of American National 
Standard Specification for Octave, Half-Octave, and Third-Octave Band Filter Sets, 
S1.ll-1971 (R1976). 
TABLE D-1 - MAXIMUM ALLOWABLE OCTAVE-BAND SOUND PRESSURE 
LEVELS FOR AUDIOMETRIC TEST ROOMS 
Octave-band center frequency (Hz) . . . . . . . . . . 500 1000 2000 4000 8000 
Sound pressure level (dB). . . . . . . . . . . . . . . . . 40 40 47 57 62 
Source: OSHA 29 CFR 1910.95 Appendix D 
Appendix D: Appendix E 29 CFR 191 0.95 
This Appendix is Mandatory 
Audiometer calibration shall be checked acoustically, at least annually, according to the 
procedures described in this appendix. The equipment necessary to perform these 
measurements is a sound level meter, octave-band filter set, and a National Bureau of 
Standards 9A coupler. In making these measurements, the accuracy of the calibrating 
equipment shall be sufficient to determine that the audiometer is within the tolerances 
permitted by American Standard Specification for Audiometers, S3. 6- 1969. 
(1) "Sound Pressure Output Check" 
A. Place the earphone coupler over the microphone of the sound level meter and place 
the earphone on the coupler. 
B. Set the audiometer's hearing threshold level (HTL) dial to 70 dB. 
C. Measure the sound pressure level of the tones at each test frequency from 500 Hz 
through 6000 Hz for each earphone. 
D. At each frequency the readout on the sound level meter should correspond to the 
levels in Table E-1 or Table E-2, as appropriate, for the type of earphone, in the column 
entitled "sound level meter reading." 
(2) "Linearity Check" 
A. With the earphone in place, set the frequency to 1000 Hz and the HTL dial on the 
audiometer to 70 dB. 
B. Measure the sound levels in the coupler at each 10-dB decrement from 70 dB to 10 
dB, noting the sound level meter reading at each setting. 
C. For each 10-dB decrement on the audiometer the sound level meter should indicate a 
corresponding 10 dB decrease. 
D. This measurement may be made electrically with a voltmeter connected to the 
earphone terminals. 
(3) "Tolerances" 
When any of the measured sound levels deviate from the levels in Table E-1 or Table E-2 
by + or - 3 dB at any test frequency between 500 and 3000 Hz, 4 dB at 4000 Hz, or 5 dB 
at 6000 Hz, an exhaustive calibration is advised. An exhaustive calibration is required if 
the deviations are greater than 15 dB or greater at any test frequency. 
TABLE E-1 - REFERENCE THRESHOLD LEVELS FOR TELEPHONICS - 
TDH-39 EARPHONES 
1 Frequency, Hz 
~ 
Reference Sound level meter 
Threshold level for reading, dB 
TDH-39 earphones, dB 
TABLE E-2 - REFERENCE THRESHOLD LEVELS FOR TELEPHONICS - 
TDH-49 EARPHONES 
Reference 
Threshold level for 
Sound level for meter 
reading, dB 
Frequency, Hz TDH-49 earphones, dB 



Source: OSHA 29 CFR 1910.95 Appendix E 
Appendix E: Appendix B 29 CFR 1910.95 
This Appendix is Mandatory 
For employees who have experienced a significant threshold shift, hearing protector 
attenuation must be sufficient to reduce employee exposure to a TWA of 85 dB. 
Employers must select one of the following methods by which to estimate the adequacy 
of hearing protector attenuation. 
The most convenient method is the Noise Reduction Rating (NRR) developed by the 
Environmental Protection Agency (EPA). According to EPA regulation, the NRR must 
be shown on the hearing protector package. The NRR is then related to an individual 
worker's noise environment in order to assess the adequacy of the attenuation of a given 
hearing protector. This appendix describes four methods of using the NRR to determine 
whether a particular hearing protector provides adequate protection within a given 
exposure environment. Selection among the four procedures is dependent upon the 
employer's noise measuring instruments. 
Instead of using the NRR, employers may evaluate the adequacy of hearing protector 
attenuation by using one of the three methods developed by the National Institute for 
Occupational Safety and Health (NIOSH), which are described in the "List of Personal 
Hearing Protectors and Attenuation Data," HEW Publication No. 76- 120, 1975, pages 
21-37. These methods are known as NIOSH methods No. 1, No. 2 and No. 3. The NRR 
described below is a simplification of NIOSH method No. 2. The most complex method 
is NIOSH method No. 1, which is probably the most accurate method since it uses the 
largest amount of spectral information from the individual employee's noise environment. 
As in the case of the NRR method described below, if one of the NIOSH methods is 
used, the selected method must be applied to an individual's noise environment to assess 
the adequacy of the attenuation. Employers should be careful to take a sufficient number 
of measurements in order to achieve a representative sample for each time segment. 
NOTE: The employer must remember that calculated attenuation values reflect realistic 
values only to the extent that the protectors are properly fitted and worn. 
When using the NRR to assess hearing protector adequacy, one of the following methods 
must be used: 
(i) When using a dosimeter that is capable of C-weighted measurements: 
(A) Obtain the employee's C-weighted dose for the entire work shift, and convert to 
TWA (see appendix A, 11). 
(B) Subtract the NRR from the C-weighted TWA to obtain the estimated A-weighted 
TWA under the ear protector. 
(ii) When using a dosimeter that is not capable of C-weighted measurements, the 
following method may be used: 
(A) Convert the A-weighted dose to TWA (see appendix A). 
(B) Subtract 7 dB from the NRR. 
(C) Subtract the remainder from the A-weighted TWA to obtain the estimated A- 
weighted TWA under the ear protector. 
(iii) When using a sound level meter set to the A-weighting network: 
(A) Obtain the employee's A-weighted TWA. 
(B) Subtract 7 dB from the NRR, and subtract the remainder from the A-weighted TWA 
to obtain the estimated A-weighted TWA under the ear protector. 
(iv) When using a sound level meter set on the C-weighting network: 
(A) Obtain a representative sample of the C-weighted sound levels in the employee's 
environment. 
(B) Subtract the NRR from the C-weighted average sound level to obtain the estimated 
A-weighted TWA under the ear protector. 
(v) When using area monitoring procedures and a sound level meter set to the A- 
weighing network. 
(A) Obtain a representative sound level for the area in question. 
(B) Subtract 7 dB from the NRR and subtract the remainder from the A-weighted sound 
level for that area. 
(vi) When using area monitoring procedures and a sound level meter set to the C- 
weighting network: 
(A) Obtain a representative sound level for the area in question. 
(B) Subtract the IVRR from the C-weighted sound level for that area. 
Source: OSHA 29 CFR 1910.95 Appendix B 
Appendix F: OSHA Recordable Hearing Loss Decision Tree 
Lse this 'decision tree' to deten~ine wlletller the results of a audionletric exan1 
gival on or after Jalluary 1.2003 reveal a recordable STS. 
Sate: 111 all cases. use the rllost cuurellt baseline to determine recordability as you would to calculate 
a STS u~ider the hearing conservation provisions of the noise standard ($1910.95). If an STS occurs 
in only olie ear. you iiiay only revise the baseline audiopain for that ear. 
;"lie auclio~ram may be aqjusted for presbycusis (aping) as set out in 1910.95. 
'k':' .A separate hea~in? loss colunu~ oil the OSHA 300 Lop begimlillp in Calendar year 2004. 
4 SO 
Source: (OSHA 29 CFR 1904) 
Has the enq~loyee suffered a STS (an 
average lOdB or tilore loss relative to t h  tiiort cmrent baseline 
audiopam averaged at 2000. 3000 and 3000 Hz) in one or both ears 
according to tlle provisiotis of tlie OSHA noise stalldard (%1910.95)7 *
Is tlle anyloyee's ortevnll hearing lei-el at ?jdB or 
4 more abol-e audiomebic zero averaged a t  2000.3000 
and 4000 Hz in the affected ear(s)l 
Yes 
rl Is the liearin~ loss work-related? 
v 
Appendix G: Safety Personnel Interview 
Safety Personnel Interview Questions 
Introduction 
-Introduce the researcher 
-Explanation of the study 
-Purpose 
-Ask about any questions 
Questions 
1. Are audiograms performed at pre employment or yearly for employees? 
2. Is noise monitoring completed when processes change, or employees make 
complaints of loss of hearing, or Standard threshold shift occurs? 
3. Are multiple hearing protection devices made available to employees? 
4. Have supervisors been provided with the knowledge required to supervise the use 
and care of hearing protectors by subordinates? 
5. Do supervisors wear hearing protectors in appropriate areas? 
6. Have supervisors been counseled when employees resist wearing protectors or fail 
to show up for hearing tests? 
7. Are disciplinary actions enforced when employees repeatedly refuse to wear 
hearing protectors? 
8. Have hearing protectors been made available to all employees whose daily 
average noise exposures are 85 dBA or above? 
9. Are employees given the opportunity to select from a variety of appropriate 
protectors? Which types? 
10. Are employees fitted carefully with special attention to comfort? 
1 1. Are employees thoroughly trained, not only initially but at least once a year? 
12. Are the protectors checked regularly for wear or defects, and replaced 
immediately if necessary? 
13. If employees use disposable hearing protectors, are replacements readily 
available? 
14. Do employees understand the appropriate hygiene requirements? 
15. Have any employees developed ear infections or irritations associated with the 
use of hearing protectors? Are there any employees who are unable to wear these 
devices because of medical conditions? Have these conditions been treated 
promptly and successfully? 
16. Have alternative types of hearing protectors been considered when problems with 
current devices are experienced? 
17. Do employees who incur noise-induced hearing loss receive intensive counseling? 
18. Are those who fit and supervise the wearing of hearing protectors competent to 
deal with the many problems that can occur? 
19. Do workers complain that protectors interfere with their ability to do their jobs? 
Do they interfere with spoken instructions or warning signals? Are these 
complaints followed promptly with counseling, noise control, or other measures? 
20. Are employees encouraged to take their hearing protectors home if they engage in 
noisy non-occupational activities? 
21. Are new types of or potentially more effective protectors considered as they 
become available? 
22. Is the effectiveness of the hearing protector program evaluated regularly? 
23. Have at-the-ear protection levels been evaluated to ensure that either over or 
under protection has been adequately balanced according to the anticipated 
ambient noise levels? 
24. Is each hearing protector user required to demonstrate that he or she understands 
how to use and care for the protector? The results documented? 
25. Have there been losses accrued from hearing related incidents/claims? 
26. Has there been an increase in your OSHA incident rate due to the recording 
requirements? 
27. Has the failure to hear warning shouts or alarms been tied to any accidents or 
injuries? If so, have remedial steps been taken? 
Exiting comments - Thank you. 
Source: NIOSH Hearing Conservation Evaluation Checklist. 
Appendix H: Employee Survey 
Hearing Conservation Needs Survey 
What is a hearing conservation vrogram? 
A hearing conservation program is a program developed to protect employees f?om the hazards of 
occupational noise. A typical hearing conservation program consists of medical monitoring of employees, 
training, noise monitoring, controlling noise exposure through engineering, administrative, and personal 
protective equipment controls. All of these components are an effort to help reduce occupational noise 
exposure. 
NeedslEvaluation Suwey: 
Dear Participant, 
The purpose of this survey is to obtain input for a study that is aiming to identify and improve the 
hearing conservation practices associated with occupational noise exposure at this organization. 
There is neither a right nor wrong answer on this survey. 
Feel free to skip any questions in which you feel uncomfortable supplying answers. 
The completion of this survey is completely voluntary. 
The surveys will be kept anonymous from the public and f?om management. 
Thank you for particpating and supporting this study. 
When completed with this survey, please tear off the consent form and place it in the envelope 
labeled consent forms and then place the completed survey in the envelope labeled surveys. By 
doing this, it will ensure confidentiality. 
A. Demographic Information 
1. How long have you worked for this organization? 
0 < 3  months 0 3 - 6  months q 6 months - 1 year q 1-3 years q 3-5 years q 5 -10 years q 10+ years 
2. What is your occupation? 
q Carpenter q Operator 
3. What age group do you fall into? 
0 < 2 1  022-25  026-30  031-35  036 -40  041-45  046 -50  0 5 0 +  
4. How long have you worked in construction? 
q <1 year q 1-5 years q 6-10 years q 1 1-15 years q 16-20 years q 21-25 years q >25 years 
5. Have you ever been told by a medical professional that you have incurred noise related 
hearing loss? q Yes q No 
If yes, do you currently wear hearing protection? 
q Yes q No 
B. Hearing Protection (ear plugs, muffs, canal caps, etc.) 
1. How often do you wear hearing protection when in noisy 
environments? 
2. Do you know when you are supposed to be wearing hearing No 
protection? Yes 
3. Are there multiple types of hearing protectors offered for you to No 
wear? Yes 
4. Are the hearing protectors offered, comfortable to wear? No 
Yes 
If no, why not? (Please 
explain) 
5. How long do you wear your ear plugs before replacing 
them if they are disposable? (Please Explain) 
6. Have you ever been trained in the use of hearing 
protectors? 
7. Does the use of hearing protectors interfere with your job 
performance? 
If yes, in what ways? (Please 
explain) 
8. Are hearing protectors readily available for you to use? 
If no, please state why not. 
9. What kind of hearing protectors would you like to see offered? 
Yes 
No 
Yes 
D. Training 
1. Have you ever had any formalized hearing conservation training with this 
company? 
2. When was your last audiogram, if you ever had one? 
Other 
1. Would you like to see the hearing conservation program improve? 
2. Do you believe a hearing conservation program is beneficial to the organization and 
employees? 
u ~ e s  
If no, why not? If yes, in what ways? 
3.  What recommendations or suggestions would you make to help improve the hearing 
conservation program? 
4. Do you feel that the noise at work is affecting your 
hearing? 
5. What types of activities or job tasks do you feel may be affecting your hearing? 
(Please list) 
6 .  Please list any positive or negative comments regarding this survey. 
Thank you for completing this survey! 
Yes No 
Remember to place this survey in the appropriate envelope, thank you! 
